ABSTRACT Neglected urban environments have been linked to social isolation, depression, and other health problems. In Portland, OR in 2003, an intervention was implemented and evaluated in three neighborhoods with the objective of promoting community participation in urban renewal and engaging residents in the construction of attractive urban places. Municipal officials approved and permitted community-designed street murals, public benches, planter boxes, information kiosks with bulletin boards, trellises for hanging gardens, all positioned in the public rightof-way. Residents within a two-block radius of the three sites were systematically sampled and interviewed before (N = 325) and after (N = 349) the intervention, of which, 265 individuals completed both surveys of the panel study. After the intervention, multivariate results revealed improvements in mental health (p = 0.03), increased sense of community (p G 0.01), and an overall expansion of social capital (p = 0.04). Through community empowerment, participation, and collective action, the strategy successfully engaged residents in restoring neighborhoods, with direct benefits to community well-being.
INTRODUCTION
Both individual and ecological factors are determinants of health. 1 While modifying personal risk factors can be challenging, 2 transforming the environment to advance public health seems even more daunting. 3 Public health professionals, policymakers, and urban planners are increasingly concerned about neighborhood environments as determinants of health outcomes, including obesity, diabetes, asthma, and depression. 4 While chronic diseases are clearly multi-factorial, enhancing cities so that they promote a healthier lifestyle that includes walking and socializing may nonetheless be feasible.
Attractive pedestrian destinations in public places can encourage active lifestyles, independent of the car. However, many American cities tend to be arranged according to the orthogonal grid that eases traffic flow but often lacks public gathering places where urbanites can stroll and socialize. 5 The rectangular street network is ideal for the effective movement of people and goods, since it increases connectivity between any two points and provides multiple transportation routes, but the omission of public squares, plazas, parks, or gardens can result in a loss of community and sense of place. 6 The endless grid, devoid of useable public places and civic amenities, stifles community life. Rich, spontaneous social networks fall victim to the steady stream of traffic, and with them, the collective resource called social capital. Social capital refers to the potential inherent in social networks, and is composed of bonding, bridging, and linking social capital. [7] [8] [9] Bonding social capital, which relies on personal ties to existing social or religious groups, is necessary for community problem-solving, but alone is not sufficient, because it may produce redundant information not pertinent to the improvement of inner-city neighborhoods. 10 In contrast, bridging social capital connects dissimilar groups and can reveal new information for problem-solving by drawing on the expertise of professionals, such as architects, engineers, or builders. An extension of bridging social capital is linking social capital, which connects parties unequal in power and access, such as between community groups and government agencies.
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Bridging and linking social capital are found predominantly in neighborhoods with higher incomes, which explains in part the greater success of improvements in such communities. Conversely, community development in lower income neighborhoods tends to be slower and less successful, in part due to lower stores of bridging/linking social capital among lower-income residents. 12 The purpose of this study was to improve social capital and community wellbeing through the restoration of public squares. 13 Implementation followed a structured process. First, design workshops established or reinforced bonding social capital and problem-solving capacity among the low-to moderate-income residents. 14, 15 Next, municipal approval and permitting augmented bridging/linking social capital, and finally, construction empowered residents through communal action. 16 A pre/post survey of residents at three sites in Portland, OR evaluated the ecological intervention. The community development approach was based on participation, empowerment, and collective action, which are at the core of health promotion practice. 17 Improving the neighborhood physically (streets and public squares), socially (social networks and cohesion), and symbolically (sense of belonging and pride) required a high level of neighborhood involvement, which has been linked to well-being and health. 18 
METHODS

Community Development
The strategy began with a situation analysis and extensive outreach to community members and other stakeholders as part of asset mapping. 17, 19 The method aimed to bring neighborhood residents together during social activities (potlucks or block parties), promote discussions, and work collectively to strengthen bonding social capital ( Figure 1 ). Subsequently, project organizers, architects, and natural builders assisted neighborhood groups with developing designs for their projects through design workshops, and communicating with various organizations and professionals outside the neighborhood to augment bridging capital.
The City Repair Project, a non-profit organization located in Portland, OR dedicated to community-building, devised a procedure for constructively engaging citizens, municipal officials, neighborhood associations, and builders in the creation of community-designed, environmentally beneficial gathering places (Figure 1 ). An organizing committee, composed of City Repair staff, was charged with outreach to and involvement of low-and moderate-income neighborhoods. From a line-listing of candidate sites, three communities were selected in January 2003, according to the principles of community-based participatory research that support successful partnerships. 20 Selection criteria specified that each site be a low-to moderateincome neighborhood, have a core group of committed residents, possess its own strengths and resources, collaborate equitably with all partners in all phases of the research, employ a cyclical and iterative process, and empower all partners for their mutual benefit. Sites that did not meet the criteria were encouraged to strengthen their community involvement and reapply the following year. They were not evaluated as part of this research project.
In February 2003, trained facilitators and design professionals organized workshops wherein each site developed its own design. In collaboration with municipal officials, structural engineers, and architects, members of the sites finalized their plans according to municipal building codes. Plans were submitted to the Portland Department of Transportation and Bureau of Planning for approval and permitting ( Figure 1 ). In order to support the communities with sufficient expertise in ecological and sustainable building techniques, experienced coordinators and team leaders were assigned to the sites. The Village Building Convergence, a far-reaching workshop, was held May 9th-18th, 2003, during which national and international ecological builders directed over 1,000 residents and out-of town volunteers in hands-on construction of a variety of structures. While the neighborhoods all met the inclusion criteria, they differed in certain demographic characteristics (Table 1) . Median household income ranged from $28,960 to 
MEASURES
For the pre/post evaluation, community members proposed topics for a survey instrument derived from validated instruments pertaining to depression 21 (CESD-11), well-being 22 (SF-36), social capital, 23 and community capacity. 14 The instrument contained the 11 CESD items and 19 rating-scale items pertaining to social capital that were divided into four sections: sense of community, social interaction, perceived control, and neighborhood participation. Respondents answered validated questions using multiple-point rating scales, and also provided demographic information, general health information, and their level of participation in the intervention.
DATA COLLECTION
The survey was administered as part of a prospective longitudinal study of residents before and after the intervention. The sampling frame was defined by a comprehensive line-listing of all residences within a two-block radius of each site. The sampling frame was chosen because city ordinance requires residents within these areas to approve designs before construction. Portland State University undergraduate students, trained in interviewing techniques, systematically sampled all residences by going door-to-door. At least four attempts were made to enroll one adult (over 21 years of age) head of household (self-report) for each household. Data collection for the first round (time 1) began on April 16th and was completed before the start of the workshop (May 9th). The follow-up survey began on May 19th, immediately after the end of the workshop, and was completed in July (time 2).
ANALYSIS
Although each question and its respective sub-section probed a distinct aspect of social capital, the content of each section showed a great deal of conceptual commonality. Despite this commonality, there were not enough questions on the survey to build a reliable scale (alpha=0.82 for social capital and 0.62 for depression). Therefore, MANOVAs were used to analyze the pre/post data.
RESULTS
At Site 1, community organizing and public engagement resulted in the painting of a large street mural and the construction of several interactive art structures. The community raised three wooden trellises and a large metal dome sculpture at each corner of the intersection and installed planters on the street corners (Table 1 and Figure 2 ). At the other two sites, participants created unique ecological constructions, including a cob kiosk, cob benches, a street mural, a lawn chessboard, a light clay sauna, and a walking labyrinth.
At Site 1, the sampling frame comprised 131 households, of which, 106 (81%) were invited to participate and 49 (37%) were vacant or not reached. In 12 households (9%), both heads of household declined to participate. Of 295 eligible households at Site 2, 170 (58%) were enrolled, 11 (4%) declined both interviews, and the remaining were vacant or not reached. At Site 3, there were 134 households within the sampling frame, of which, 85 households (63%) participated and 14 (11%) declined.
Of 674 interviews, 325 were conducted during the first round of surveys, and 349 during the second. Of the 409 study participants interviewed, 265 (65%) completed both surveys. There were more women respondents (55%) than men. The majority (83%) was under 50 years of age, and 58% were renters. To minimize the drop-out rate, no income data was collected. After project completion (time 2), 56% of respondents were aware of the Village Building Convergence workshop, although 66% had never actively participated in the construction of the art projects. Those that completed one round of surveys but not the other were similar in terms of age, sex, and house ownership (age p=0.87; sex p=0.6; ownership p=0.28) to those who completed both rounds of the survey. The percentage of homeowners in the study population was similar to the distribution of homeowners in each neighborhood overall (p=0.025 in all three neighborhood samples).
MULTIVARIATE ANALYSIS
The multivariate analyses are presented in Table 2 . The estimated marginal mean change between the first and the second survey was most pronounced for sense of community scale (pG0.01). For example, follow-up ANOVA calculations on an item-by-item basis revealed that, within the sense of community section, two questions that probed respondents_ opinions as to whether their neighborhood was a good place to live and a good place for children to grow up yielded considerable differences. Already at the onset of the study, the sense of community means ranked high, indicating a well-developed sense of place. In contrast, social interaction ranked much lower, but displayed a consistent increase at all three sites, although the change was not statistically significant (p=0.06). For social interaction, two questions that probed whether study participants had talked to neighbors about personal problems or asked their neighbors over to their houses to socialize displayed statistically significant differences (pG0.05). Social capital displayed a statistically significant increase after the intervention (p=0.04). At all three sites, there was a consistent decline between the first and the second survey in the estimated marginal mean for the depression scale (p=0.03). This change was driven by three mental health questions that showed significant differences between the two time periods: respondents_ perception of their happiness, sadness, and the effort required doing everything. 
DISCUSSION
Through the successive steps of community outreach, public discussions, design workshops, construction plan permitting, and project implementation, the ecological intervention aimed at improving community health by promoting community capacity. Community members conceived, designed, permitted, and constructed all three projects, without the support (financial or otherwise) of government agencies. Evaluation of the intervention suggests that mental health and a number of social indicators increased in the course of improving the neighborhood. Prior research has shown that environmental features that facilitate social contacts and support can improve mental health. 24 More recently, an experimental study that randomized individuals to different living environments found neighborhood effects on mental health in both adults and children. 25 A direct link between the environment and mental health has been established in a variety of urban settings. 26, 27 Participation in informal activities has been associated with beneficial health outcomes. [28] [29] [30] [31] However, recent reports have questioned the health implications of social capital in neighborhood life. [32] [33] [34] The ecological intervention was aimed at creating a sense of place by reversing urban blight with artistic features in the public right-of-way. Physical deterioration, such as damaged homes, trash accumulation, abandoned vehicles, and graffiti, can adversely influence the health of a neighborhood_s residents over and above personal risk factors. [35] [36] [37] [38] Social disorder, such as crime, public drinking, and drug use, can also negatively affect well-being and neighborhood satisfaction. 39, 40 Positive contributions such as those made during this intervention, on the other hand, contribute significantly to improved community well-being.
The revitalization illustrates the benefits of strong community involvement in urban design, a field that has traditionally been dominated by planners, architects, and developers. The projects connected individuals in the dynamic experience of planning and implementing creative and attractive gathering places, and serve as examples of how communities can intentionally design vibrant places that are restorative to their own well-being. In particular, working together on ecological construction, particularly working with cob, the natural building material, was ideal for collective physical labor, while other activities, such as community organizing and design workshops, also contributed to expanding social ties and mental health.
The intervention stimulated both bonding and bridging/linking social capital; however, since strong social ties might not necessarily translate into collective resources for social action, the concept of connecting was extended to public institutions. For example, community groups were put in touch with neighborhood associations and municipal government offices, and collaborated with structural and traffic engineers on the permitting process of construction in the public realm. Community members attended meetings with city officials for the permitting of their construction plans. Such activities were indications of bridging/linking social capital.
STRENGTHS AND LIMITATIONS
The strength of the study lay in the ecological intervention per se. The grid has been configured for cars, with little regard for the needs of pedestrians, such as walkable streets, human-scaled blocks, and usable public places. 43 Moreover, many existing public places and civic amenities have decayed, resulting in loss of community and sense of place. The intervention illustrates how civic engagement can be achieved through community-building, in which resident and non-resident stakeholders participate in urban design, which is particularly important, since, in its current state, the discipline of urban planning seems to have lost the focus of creating simple, community-supporting urban environments. This quasi-experimental design could potentially be limited by a main effect of Bhistory, maturation, or selection.^4 1 BHistory^pertains to external forces (other than the intervention), such as economic or seasonal variation, impacting the experimental setting immediately after the pre-survey. In the absence of a nonintervention control group these possibilities were minimized by collecting data over a relatively short time period; reducing the time interval between pairs of interviews; and initiating the follow-up interview immediately after completion of the projects. The benefits of these strategies were evaluated by plotting all depression measures by interview date; no gradual improvement over time was observed, suggesting that seasonal variation or other events did not contribute to the improvement in mental health. Records were kept of possible effect-causing events throughout the study period and plotted against time; for example the perceived outcome of the Iraq war in spring 2003 did not seem to influence the dependent variables.
BMaturation^of study participants, such as personal changes among respondents (possibly due to the interview process itself), could have affected the internal validity of the study. Thus, interviewers adhered strictly to surveying techniques in order not to influence subjects_ responses; for example, study participants were blinded to the purpose of the study, and no reference was made to the upcoming workshop or intervention projects. Furthermore, the study was affiliated with the university (PSU) rather than with The City Repair Project to disassociate the survey from the actual intervention.
Since panel members were queried repeatedly, the successive surveys could have resulted in participant fatigue. In order to minimize attrition, the survey length was kept to a minimum and redundant demographic variables were omitted from the post-intervention survey; respondents were also given the possibility to return the surveys by mail or to be interviewed over the phone for convenience. These strategies and concerted field efforts counteracted the threat of selection bias as reflected by relatively high participation rates.
Another type of selection bias can be major limitation of neighborhood research, so the study was designed to circumvent this possible source of variation; selection biases can also arise when different neighborhoods are compared that may have diverse demographic compositions, whether measurable or not. Inferences about ecological effects (the context) of the neighborhood cannot be made without reference to the composition. The study measured the same respondents repeatedly (serving as their own controls), while the physical environment (context) was altered, thus controlling for the composition. 42, 43 Nevertheless, socially inclined individuals may have biased the results away from the null by being more likely to participate.
CONCLUSION
While experts recognize that voluntary involvement in organizations and institutions is crucial for problem-solving, designing programs that achieve such involvement has proven challenging. The current approach addresses some of these
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challenges by building social interaction, social capital, and neighborhood capacity, while empowering neighbors to design and create the development of public places within their own neighborhood. 44 This ecological intervention also demonstrated the benefits of participation in neighborhood projects on health and social capital of residents themselves. Ultimately, the research supports the notion that dynamic collaboration between urban planners, public health practitioners, residents, developers, and politicians creates more human, more beautiful, and therefore move livable and healthy, urban places.
HUMAN PARTICIPANT PROTECTION
The institutional review board of Portland State University approved the protocol for this study. Written informed consent that briefly described the study with all the procedures and activities was obtained from study participants prior to the completion of the survey.
